
/A D—AO’e~ 865 AEROSPACE CORP EL SEGUNDO CALIF IVAN A GETTING LABS F/G 7/li 

-
-

EMISSION SPECTRUM OF THE NU3 DAM) OF SF6 AT 1780 K.(U)
JAN 78 J F BOTT F0’4701—77—C—0078

UNCLASSIFIED TR~ OO78C39l4O—O2)—2 SAMSO—TR—78—7 NL

t Sr ILl: ~Tt1i:1..UU!
I END

bA
FILIf

3 ~-78

•



-.-
~ 

-
~ 

_ _

H 
i:sO:TR.7~~

Emission Spectrum of the ~i Band of SF6 at 1780 K

/ • .
~~ J. F. BOTT

_____ 

s lAOrophysics I!aboratory
The Ivan A.Gettlng Laboratories

The Aerospace Corporation
‘S

.

20 January 1978

Interim Report

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

Prepared for
SPACE AND MISSILE SYSTEMS ORGANIZATION D D C

AIR FORCE SYSTEMS COMMAND flr ~ThT2pfl r7Los Angeles Air Force Station -
~~~

‘ -
~~
-

~~~~

P.O. Box 92960, Worldway Postal Center < F EB i~ 1918Los Angeles , Calif. 90009 ft~



1

This interim report was submitted by The Aerospace Corporation,

El Segundo, CA 90245, under Contract No. F0470 1-77-C-0078 with the
- Space and Missile Systems Organization, Deputy for Advanced Space

Progrants, P. 0. Box 92960, Worldway Postal Center , Los Angeles, CA
90009. It was reviewed and approved for The Aerospace Corporation by

W. R. Warren, Jr. ,  Director, Aerophysics Laboratory. Lieutenant
Dara Batki, SAMSO/YCPT , was the project officer for Advanced Space
Programs .

Thia report has been reviewed by the Information Office (01) and is
releasable to the National Technical Information Service (NTIS). At NTIS,

it will be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.
Publication of this report does not constitut e Air Force approval of the
report’s findings or conclusions . It is published only for the exchange and
stimulation of ideas .

Dara Batki, Lt, USAF Ro~~ rt W. Lindernuth, Lt Col, USAF
Project Officer Chief , Technology Plans Division

FOR THE COMMANDE R

-LEONABD E. BALTZELL, Col, USAP , Aset .
Deputy for Advanced Space Programs

I

N

- 

- --



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Wh.n D~~• Snt.,.~~

REP M~~ITATION PAGE READ INSTRUCT IONS
______________________________________________  

BEFORE COMPLETING FORM
T NUM 

~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _4. TITi. E~~—~ 

• -
~-lJJ~~ 

-
~~~~~~~~~

- —.-...
~ 

- I. T. ru  sr n•riflT COVERED

(7 E}4~SSION~SPECTRUM OF THE ‘v3’ BAND OF)

~~~~~

‘ 

~V6 AT i78~~ K , ~~,,
.‘ Interim

— _... —~~~~~~~
— —r— USER

— 

~~~~~~~~~~ 
TR

~~~
78(394Ø•

~ 2Th7 AUTNON(.) 3 ~~~~~~~~~~ 
I. 

~~ •)

1 rry F./B~~~~~~ ~~~~ 5ij~7$l -77 -C

I. PERFORMING ORGANIZATION NAM E AND ADDRESS tO. PROGRAM ELEMENT. PROJECT . TASK
AREA & WORK UNIT NUMSERS

The Aerospace Corporation V
El Segundo, ~~alif. 90245

A ~~~
— 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

II. CONTROLLING OFFICE NAME AND ADDRESS ,~~~— IL MEr S rt T DATI
Space and Missile Systems Organization ( j ~ ~~~ Jau_......,, Ø~iJAir Force Systems Command jj IWUILLOF PAGES

Los Angeles, Calif. 90009 (7~ ?j ~1 ,
lb. MONITORING AGENCY NAME & ADDRESS(U dlll .r.n~ Ira., ControllIng ouii~J 41- CLASS. (of fAl. report)

Unclassified
IS.. DECI..ASSIFICAYION/DOWNGRADING

SCHEDULE

lb. DISTRISUTION STATEMENT (of fAl. R.pe rt)

Approved for public release; distribution unlimited.

~‘• OISTRISUTION STATEMENT (of ffi. .b.t,act .nt., .d ln Block 20, II dlIta.nt boa Report)

IS. SUPPLEMENTARY NOTES

IL KEY WORDS (Consgnu. on r•v•r•• oldo II n.c..oa~ aid ldontlfr b~. block r.a.ib.r)

SF
Inf~ared Emission
Shock Tube ~~~~~

Isotope Separation 7’
ViA~~T (Cinimu. . r..aI&ll 545~II If noC~ OIai~ aid Id.nU ~ by block noab.r) ‘

~

The author measur eçthe emission spectrum of the c3,band of SF6 at 1780 K
we in a shock tube . At (th~s high temperature, the emission peaks at a frequency

of 907/cm4’(11. 02 ~ ); at room temperature, the band has a peak intensity at
948,km~~~ Lyman and Nowak observed similar but proportionately smaller

• shifts of the ppectral maximum to lower fr equencies at temperatures between
400 and 800”R. A knowledge of the high-temperature spectral distribution of
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the band is important for t~e design and interpretation of isotope separa-
tion experiments in which SF6 is dissociated by selective multiphoton
absorption of C0~’laser photons .
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EMISSION SPECTRU M OF THE v 3 BAND OF SF6 AT 1780 K

Studies of multiphoton dissociation of SF6 in recent years 1’4 have

stimulated interest in the v absorption band near 10.6 p.m. Steinfield et a15

and Petersen, Tiee , and Wittig have observed that laser pumping of this
band with a CO2 laser induces absorption at lower frequencies. In shock
tube experiments, Nowak and Lyman7 measured the absorption spectrum of
SF 6 at a number of CO2 laser frequencies at temperatures between 400 and
1500 K. Their results show that the absorption coefficients for the laser
lines P( i2)  through P( 18) decrease monotonically with temperature above
300’ K,whereas the absorption coefficients for P(20) through P(32) show a
maximum before falling off with temperature. In Fig. 3 of the Nowak and
Lyman work, the temperatures at which the absorption coefficient at each
laser frequency goes through a maximum are plotted against frequency.
These data are reproduced in Fig. I of the present paper as circles. We
have examined the absorption spectra of Nowak and Lyman at several
different temperatures and determined the frequency at which the spectral
distribution is a maximum at each temperature. These data are plotted in
Fig. I as squares.

We have measured the wavelength dependence of the SF6 emission
between 10 and 12 p. at a temperature of 1780 K and observed the shift of
intensity to lower fr equencies. The measurements were performed during
shock tube studies of SF6 dissociation8 and reactions of H 2 and SF6. ‘ The
initial conditions behind the incident shock wave were 1780 K, 0. 93 atm,
and 0.05% SF6 diluted with argon. The emission was measured with a
Santa Barbara Research Center mercury-germanium detector cooled with
liquid helium and mounted on a Perkin-Elmer Model No. 99 prism mono-
chromator . With a 2-mm-wide entrance slit, the monochroinator had a
triangular slit function with a full width at half maximum (FWHM) of 0. 13 p..
The accuracy of the wavelength calibration is estimated to be ±0. 05 p..
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Maximum (From Nowak and Lyman, Fig . 3) and Tempera -
tures (Q I) for Which the Spectral Distribution Is a Maxi-
mum at a Given Frequency. 0~ Nowak and Lyman; N,
present study.
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The intensity jumped to a maximum -behind the shock f ront and decayed
as the SF6 dissociated. In Fig. 2, the initial intensities are plotted against

wavelength. The data axe uncorrected for the monochroniator slit function
and spectral sensitivity variations. Schatz and Horning10 measured the in-

tegrated band intensity, 
~STP’ 

of the io. 6-p . band at room temperature and

found it to be 4800 cm ’2 atm ” 1. With this value for 
~STP’ the temperature

and pressure conditions of the 0.05% SF6 experiments, and the 16. 5-cm
shock tube diameter, we estimated the self-absorption of the data of Fig. 2
to be about 13% at the peak intensity of 11.0 p.. To test for self-absorption
at 11.0 p., we conducted two experiments at lower concentrations of SF6.
The signals normalized with the SF6 concentration were 1. 00, 1. 08, and
1. 18 for 0.05% SF6, 0.025% SF6, and 0.0125% SF6 mixtures, respectively.

If we consider the measurements to have a relative accuracy of about ±5%,

• they agree with the estimate of 13% self-absorption.
In Fig. 2, the uncorrected emission spectrum is shown to peak at

1i.02 ± 0.10p .(907±8cm’t )with a FWHM of approximately o.58 p.(48 cm ’’1).

This frequenc y of the peak has been plotted in Fig . I at 1780 K and falls
close to a linear extrapolation of the temperatures and frequencies estimated

from the data of Nowak and Lyman. 7 The present, low-resolution data show
no structure. However, the large density of states at this temperature

makes any significant structure unlikely. The data of Nowak and Lyman
showed progressively less structure with temperature. The frequency of
the maximum in the absorption spectrum is shifted approximately
2 . 7 x  10 2cm ’’1/ °K.

Plotted against temperature in Fig. 3 are spectral bandwidths (FWHM)
estimated from the present data and from the data of Nowak and Lyman. 7

Corrections to the spectr al profile of Fig. 2 reduce the bandwidth ‘~ 8% for
the slit width and 6% for the self-absorption; the corrected bandwidth is
therefore 42 ± 6 cm ’’1. At low temperatures, the v 3 spectrum 1t resolves
Into separa te P. Q, and R branches and canno t be characterized by a single
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Figure 2. Emission of v 3 Band of SF6 at 1780 K
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bandwidth. At temperatures above about 300 K, however , a total bandwidth
does apply. It appears to vary linearly with temperature, with a broadening
coefficient of 2.4 x I0’’2cm 1/°K.

Nowak and Lyman7 performed theoretical cal culations of the absorption
coefficients, ~ss’1ming the total integrated absorption coefficient to be nearly
independent of temperature. Since their calculations agreed with their

measured values between 300 and 800 K, this assumption appeared to be

correct to within about ±15%. The emission data of Bott and Jacobs8 indi-
cated that the total integrated absorption coefficient must be constant
between 900 and 1850 K. Similar results were obtained in the case of the

band of CO2 between 300 and 2500 K. 
12, 13

The high-temperature absorption spectrum is important in the design
of two-laser multiphoton experiments. A low-power laser is used to pump
the selected isotopic molecule to an excited vibrational level. A second,

more energetic laser pulse then provides the bulk of the energy required

for dissociation. The second laser operates at a different frequency and,
for efficient us•e of its energy, is tuned toward the peak of the induced ab-

sorption spectrum. A two-frequency process also increases selectivity

since the frequency of the high-energy laser can be tuned away from the

absorption feature of the unselected isotopic molecule. This prevents power
broadening of the absorption spectrum of the unselected molecules into the

frequency range of the high-power laser . Black and co -workers 3 measured - 
-

the average number of photons absorbed by SF6 molecules in a multiphoton
dissociation experiment and concluded that the multiphoton dissociation of
SF is a statistical thermodynamic process that can be described by uni-
molecular reaction rate theory. The number of absorbed photons implied

a vibrational temperature of 1800 K. The data of the present study indicate
that , during the multiphoton process, the peak absorption of the v3 band may
.hift by up to 40 cm ”1 . Shifts are indicated by Stafast, Schmid, and Kornpa, 15

who measured effective absorption cross sections for several laser lines

at various energy densities.
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In conclusion , the spectr al profile of the v 3 band of SF6 appears to be
shif ted linearly with temperature to lower frequencies , and the structureless
spectral profile can be described with a half-width that is also linear with
temperature. The present emission m easurem ents are consistent with
laser absorption measurements7 at lower temperatures. Such emission
measurements may prove useful in planning two-frequency mnultiphoton
experiments for SF6 and other molecules. Emission measurements have
the advantage of not being restricted to laser frequencies. Similarly, quan-
titative emission or absorpt ion measurements at the shifted frequencies
during multiphoton dissociation experiments could provide data for corn-
parison with theoretical predictions. I i

7

L 

~ 
-—‘ - --- ‘- — -____ si_____ - - 

- -



r~~1~’7 TI~~TI 1II T ~~‘~~Ti7TTI 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

‘I
I.

REFERENCES 
-

1. R. V. Ambartzumian, N. P. Furzikov , Yu. A. Gorokhov, V. S.
Letokhov, G. N. Makarov , and A. A. Puretzky, Opt. Commun. 18,
517 (1976).

‘. J. P. Aldridge, 3. H. Birely, C. D. Cantrell, and D. C. Cartwright

in Laser Photochemistry, Tunable Lasers and Other Topic s, Physics
of Quantum Electronic s (Addison - Wesley, Reading, Massachusetts,
1976), Vol. 4, ed. , S. F. Jacobs, M. Sargent UI, M. 0. Scully, and
C. T. Walker.

3. 3. 0. Black, E. Yablonovitch, and N. Bloembergen, Phys. Rev.

Letters 38, 1131 (1977).
4. W. Fuss and T. P. Cotter , Appi. Phys . 12 , 265 (1977).
5. 3. I. Steinfeld , I. Burak , D. G. Sutton, and A. V. Nowak, 3. Chemn .

Phys. 52, 542 1 (1970).
6. A. B. Petersen, 3. Tiee, and C. Wittig, Opt. Comniun . 17, 259 (1976).
7. A. V. Nowak and J. L. Lyman, 3. Quant . Spectry. Radiat. Transfer

15, 945 (1975).
8. J. F. Bott and T. A. Jacobs , J. Chem. Phys. 50, 3850 (1969).
9. 3. F. Bott , A Shock Tube Study of H2 + SF6 Reactions,

TR-0059(6816-36)-1, The Aerospace Corporation, El Segundo,
California (August 1970).

10. P. N. Schatz and D. F. Hornig, J. Phys. Chem. 21, 1516 (1953).
11. P. L. Houston and 3’. I. Steinfeld, 3. Mol. Spectry. 54, 335 (1975).

12. J. C. Breeze , C. C. Ferriso, C. B. Ludwig, and W. Malkmus,
J. Chem. Phys. 

- 
42, 402 (1965).

13. S. S. Penner, R. C. Sepucha, and 3. E. Lowder , J. Quant. Spectry.
Radiat. Transfer 10, 1001 (1970).

14. J. L. Lyman, J. Chem. Phys. 67, 1868 (1977).

15. H. Stafast, W. E. Schmid, and K. L. Kompa, Opt. Commun . 21 ,
121 (1977).

-.~~~~~~~~ 
- 

-:- 
~~~~~~~~~~~~~~~~

---- - .
~~~~~~~~~

- ~~~~~ - ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~ - u. s~~ ~~~~~~~~~~~~~ ~ —~~~ - -- -



rT T ‘~TITIT-II~1Ii IIIII’~ T.II

THE IVA N A. GETTING LABORATORIES

The Laboratory Operation , of The Aer ospace Corporation is conducting

experimental and theoretic al investi gation . necessary for the evaluation and
applicat ion of scientific advance , to new milita r y concept . and .y.tema. Ver-

sat ility and flexibility have been developed to a high degree by the laboratory
personnel in dealing with the many problem . encountered in the nation ’s rap idl y
developing apa ce and missile system.. Expertise in the latest scientific devel-
opment . is vital to the accomplishment of task , related to these problem. . The
laboratories that contribute to thi , research are :

Aer ophysic. Laboratory : Launch and reentry aerod ynam ics , heat trans-
fer , reentry physics, chemical kinetics , str uctural mechanics , flight dynamic ..
atmospheric pollution , and high-power gas lasers.

Chemistry and Physic. Laboratory : Atmospheric reactions and atmos-
pheric optic s , chemical reaction . in polluted atmo .phere. , chemical reaction.
of excited specie. in rocket plume ., chemical thermod ynamics , plasma and

- laber-induced reaction. , laser chemistry, propu l.ion chemi.try , space vacuum
and radiation effect . on materials , lubr icat ion and surface phenomena , photo-
sensitive material , and sensors , high precision laser ranging, and the app li-
cation of physic. and chemistry to problem. of law enforcement and biomedic ine.

Electronic. Research Laboratory : Electromagneti c theory, device, , and
propagation phenomena , including plasma electromagnetic.; quantum electronics ,
la.er s , and electro-optics; communication science. , app lied electronic. , semi -
conducting, superconducting, and crystal device physic , , optical and acoustical
imaging; atmospheri c pollution; millimeter wave and far-infrared technology.

Materials Science. Laboratory : Development of new materials; metal
matrix compo.ite. and new forms of carbon; teit and evaluation of graphite
and cera mics in reentry; spacecraft materials and electronic component . in
nuclear weapons environment ; application of fracture mechanic . to stre.. cor-
rosion and fatigue-induced fract ure. in structural metal ,,

Sp~ice Science. Laboratory: Atmosp heric and ionospheric phy.tc., radia-
tion from the atmosphere , density and composit ion of the atmosphere . aurorae
and airg low; magnetospheric physics, cosmi c rays , generation and propagation
of plasma wavea in the magnetosphere; solar physic.. atud le. of solar magneti c
field.; space astronomy, x-ray astronomy; the effect. of nuclear explosion. ,
magnetic storm ,, and solar acti vity on the earth’ . atmosphere , iono.phe ru , and
magnetosp here; the effects of optica l , electromagne tic , and particulate radia-
tions in space on space systems.
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